SEMICONDUCTOR DEVICE HAVING A MODE OF FUNCTIONAL TEST 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor device, 
5 and more particularly to a semiconductor device which is provided 
with a mode for performing a functional test of circuit blocks 
formed in an integrated circuit. 
Description of Related Art 

Known types of integrated circuits in semiconductor devices 
CilO include those that are a consolidation of a plurality of 
large-scale macro cells. Macro cells are circuit blocks 
constituted by combining a plurality of small-scale circuit 
blocks which have already been individually designed. For example, 
= ■= macro cells are employed as RAM (random access memory) blocks 
15 or the like. 

In the case of employing macro cells in integrated circuits, 
a functional test of only this macro cell is sometimes performed 
in the testing process of the semiconductor device. For this 
reason, some integrated circuits are provided with circuits for 
20 a functional test of macro cells. 

In general, a functional test of macro cells comprises the 
testing of access time and the testing of setup time. 

Access time is the required time from when the signal 
input terminal of the macro cell receives the signal until 
25 the signal output terminal outputs the signal. When access 
time is longer than the designed value, the next stage 
circuit cannot be caused to operate properly. The signal 
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input terminal inputs the signal at a timing of clock is 
input (rise timing or fall timing) . Consequently, the access 
time may be measured by measuring the required time from 
when the clock input terminal receives the clock until the 
5 signal output terminal outputs the signal. 

Setup time is the allowable time difference from when the 
signal potential is applied to the signal input terminal until 
the clock is input to the clock input terminal, and the allowable 
time difference from when the clock is input to the clock input 

10 terminal until the application of the signal potential to the 
signal input terminal is ended. In order for the macro cell to 
correctly receive a signal, the time difference from when the 
signal potential is applied to the signal input terminal until 
the clock is input to the clock input terminal must be greater 

15 than or equal to a prescribed allowable time difference. Likewise, 
in order for the macro cell to correctly take up a signal, the 
time difference from when the clock is input to the clock input 
terminal until the application of the signal potential to the 
signal input terminal is ended must be greater than or equal to 

2 0 a prescribed allowable time difference. When these allowable time 
differences are greater than the designed values, there is a risk 
that a signal of erroneous value will be taken up by the macro 
cell. For this reason, in the testing of setup time, it is 
determined whether the signal is read correctly in the case where 

25 the time difference of the start/end timing of signal application 
and clock input timing is a prescribed value. The output signal 
value is used to determine whether the signal was read correctly. 
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In conventional semiconductor devices, the required time 
from when a test signal is input to the input pad of the chip 
until the output pad of the chip outputs the signal is measured 
in the case of testing access time. Also, in the case of testing 
setup time, the value of the output signal is read for when a 
prescribed value is established for the difference between the 
start/end time of applying a test signal to the input pad of the 
chip and the time of the application of the test clock to the 
clock input pad of the chip. 

However, in the case of a long wiring distance between these 
bonding pads and the macro cells, the wiring delay cannot be 
ignored and accurate a functional test cannot be performed. In 
the access time testing discussed above, for example, an accurate 
determination cannot be made in the case where it is impossible 
to ignore the wiring delay between the input pad and the signal 
input terminal of the macro cell and the wiring delay between 
the signal output terminal of the macro cell and the output pad. 
Also, in the setup time testing discussed above, an accurate 
determination cannot be made in the case where it is impossible 
to ignore the difference between the wiring delay from the input 
pad to the signal input terminal of the macro cell and the wiring 
delay from the clock input pad to the clock input terminal of 
the macro cell. 

^TTMMARY OF TH F. INVENTION 

It is an object of the present invention to provide a 
semiconductor device with which the influence of wiring delay 
can be eliminated and accurate a functional test can be performed. 
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For this reason, the semiconductor device relating to the 
present invention comprises : a macro cell to which an input signal 
is input at the input clock and which outputs an output signal 
of a value corresponding to the value of the input signal; a first 
signal path for guiding the test input signal, which has been 
supplied to a first pad, to the signal input terminal of the macro 
cell; a second signal path for guiding the test clock, which has 
been supplied to a second pad, to the clock input terminal of 
the macro cell; a third signal path for guiding the test output 
signal output from the signal output terminal of the macro cell 
to a third pad; and a delay measurement signal path for measuring 
the wiring delay time of the first, second, and third signal paths . 

The present invention can eliminate the influence of the 
wiring delay of the first, second, or third path because it is 
provided with a delay measurement signal path for measuring the 
wiring delay time. 

RBTEF DESr.RTPTTON OF THE DRAWINGS 
Other objects and advantages of the present invention will 
be explained with reference to the appended drawings as follows. 

Figure 1 is a circuit diagram showing the constitution of 
a semiconductor device relating to a first embodiment; 

Figure 2 is a timing chart for explaining the testing method 
of the semiconductor device relating to the first embodiment; 

Figure 3 is a circuit diagram showing the constitution of 
the semiconductor device relating to a second embodiment; 

Figure 4 is a circuit diagram showing the constitution of 
the semiconductor device relating to a third embodiment; and 


Figure 5 is a circuit diagram showing the constitution of 
the semiconductor device relating to a fourth embodiment. 
DESCRIPTION OF THF, PREFERRED EMBODTMF.NT.q 
The preferred embodiments of the present invention are 
5 explained below using the drawings. In the drawings, the sizes, 
forms, and positional relationships of the various 
constitutional elements are only shown in general so that the 
invention can be easily understood. Also, the numerical 
conditions explained below are merely examples to make the 
'Jo invention understand. 
First Embodiment 

The first embodiment of the present invention is explained 
using Figures 1 and 2. The present embodiment is an example of 
the semiconductor device for accurately determining the access 
:%5 time of the macro cell. 

%l Figure 1 is a circuit diagram showing the principal elements 

constituting the semiconductor device relating to the present 
embodiment . 

As shown in Figure 1, this semiconductor device comprises 
20 a macro cell 101, two-input multiplexers 102 , 103, 104, 105, input 
pads 106, 107, 108, and output pads 109, 110. 

The macro cell 101 constitutes RAM or the like and is provided 
with a signal input terminal D, a clock input terminal CLK, and 
a signal output terminal Q. As discussed below, the signal D and 
25 clock CLK are input to the signal input terminal D and clock input 
terminal CLK from the multiplexers 102, 103. Also, the signal 
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output terminal Q supplies the output signal Q to the following 
circuit block or the like, not shown, and to the multiplexer 104. 

The multiplexer 102 is connected to the pad 107 at one input 
terminal thereof, and receives an output signal Sll from another 
5 circuit block or the like (not shown) at the other input terminal. 
Also, the output terminal of the multiplexer 102 is connected 
to the signal input terminal D of the macro cell 101. Furthermore, 
the select signal input terminal of the multiplexer 102 is 
connected to the pad 106. Here, it will be sufficient if one input 

10 terminal of the multiplexer 102 and the pad 107 are connected 
during a functional test . Consequently, during a normal operation, 
the pad 107 may also be used as a signal pad for another circuit 
block (not shown) . 

The multiplexer 103 is connected to the pad 108 at one input 

15 terminal thereof, and receives a clock S12 from another circuit 
block or the like (not shown) from the other input terminal. Also, 
the output terminal of the multiplexer 103 is connected to the 
clock input terminal CLK of the macro cell 101. Furthermore, the 
select signal input terminal of the multiplexer 103 is connected 

20 to the pad 106. Here, it will be sufficient if one input terminal 
of the multiplexer 103 and the pad 108 are connected during a 
functional test. Consequently, during a normal operation, the 
pad 108 may also be used as a signal pad for another circuit block 
(not shown) . 

2 5 The multiplexer 104 is connected to the signal output 

terminal Q of the macro cell 101 at one input terminal thereof, 
and receives the output signal S13 of another circuit block or 
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the like (not shown) from the other input terminal. Also, the 
output terminal of the multiplexer 104 is connected to the pad 
10 9. Furthermore, the select signal input terminal of the 
multiplexer 104 is connected to the pad 106. Accordingly, the 
5 pad 109 is used as the output pad for the signal Q during a 
functional test and is used as the output pad for the signal S13 
during a normal operation. 

The multiplexer 105 is connected to the clock input terminal 
CLK of the macro cell 101 at one input terminal thereof, and 

10 receives, at the other input terminal, the output signal S14 of 
another circuit block or the like (not shown) . Also, the output 
terminal of the multiplexer 105 is connected to the pad 110. 
Furthermore, the select signal input terminal of the multiplexer 
105 is connected to the pad 106. Accordingly, the pad 110 is used 

15 as the output pad for the clock CLK during a functional test 
operation and is used as the output pad for the signal S14 during 
a normal operation. 

The multiplexer 105 is disposed in the vicinity of the 
multiplexer 104. In this manner, the length of the wiring from 

20 the multiplexer 104 to the pad 109 and the length of the wiring 
from the multiplexer 105 to the pad 110 can be made substantially 
the same. Consequently, the difference between the length of the 
wiring from the signal output terminal Q to the pad 109 and the 
length of the wiring from the clock input terminal CLK to the 

2 5 pad 110 becomes the difference between the length of the wiring 
from the signal output terminal Q to the multiplexer 104 and the 
length of the wiring from the clock input terminal CLK to the 
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multiplexer 105; this difference can be ignored in the wiring 
delay. Consequently, the delay time until the output signal Q 
reaches the pad 109 and the delay time until the clock CLK reaches 
the pad 110 are substantially the same. 
5 The method for measuring the access time of the 

semiconductor device shown in Figure 1 is explained next using 
Figure 2. 

When performing a functional test, the signal TEST supplied 
fj to the pad 106 is set to the signal value for the functional test 
'.10 mode. As a result, the multiplexer 102 selects the pad 107, the 
: multiplexer 103 selects the pad 108, the multiplexer 104 selects 

the signal Q, and the multiplexer 105 selects the clock CLK. Next, 
the test signal TD is input from the pad 107 and the test clock 
-- TCLK is input from the pad 108. The test signal TD and test clock 

'--15 TCLK are input to the macro cell 101 through the multiplexers 
-" 102 and 103. The macro cell 101 then reads the test signal TD 

at the time indicated by the test clock TCLK (rise time in the 
example in Figure 2), and outputs the signal Q of a value 
corresponding to the value of this test signal TD. This signal 
2 0 Q is output from the pad 109 through the multiplexer 104. Also, 
the test clock TCLK is output as a clock MCLK from the pad 110 
through the multiplexer 105. 

In the present embodiment, the required time Tl from when 
the test clock TCLK is supplied to the pad 108 until the pad 109 
25 outputs the signal Q and the required time T2 from when the test 
clock TCLK is supplied to the pad 108 until the pad 110 outputs 
the test clock MCLK are measured. The difference between these 
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required times T1-T2 is then calculated. As shown in Figure 2, 
when the time from when the test clock TCLK is applied to the 
pad 108 until the test clock TCLK is input to the macro cell 101 
is tl; the time from when the macro cell receives the test clock 
5 TCLK until the macro cell outputs the signal Q (meaning access 
time) is tx; and the time from when the signal Q is output until 
this signal Q reaches the pad 109 is t2, then the time Tl = tl 
+ tx + t2 . Also, as discussed above, the wiring delay from the 
output terminal Q to the pad 109 and wiring delay from the clock 

10 input terminal CLK to the pad 110 are substantially the same and 
therefore the time T2 = tl + t2 . Consequently, the time difference 
T1-T2 matches the access time tx. In other words, the time 
difference T1-T2 is the value obtained by removing the effect 
of the wiring delay from the measured value of the access time 

15 Tl. 

In this way, this semiconductor device relating to the 

present embodiment makes possible the accurate measurement of 

the access time of the macro cell. 

Second Embodiment 
2 0 The second embodiment of the present invention is explained 

next using Figure 3. The present embodiment is an example of the 

semiconductor device for accurately determining the access time 

of the macro cell. 

Figure 3 is a circuit diagram showing the principal elements 
2 5 constituting the semiconductor device relating to the present 

embodiment . 

As shown in Figure 3, this semiconductor device comprises 
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a macro cell 301, two-input multiplexers 302, 303, a three-input 
multiplexer 304, input pads 305, 306, 307, 308, and an output 
pad 309. 

The macro cell 301 constitutes RAM or the like and is provided 
5 with a signal input terminal D, a clock input terminal CLK, and 
a signal output terminal Q. As discussed below, the signal D and 
clock CLK are input to the signal input terminal D and clock input 
terminal CLK from the multiplexers 302, 303. Also, the signal 
output terminal Q supplies the output signal Q to the following 
^|0 circuit block and so forth, not shown, and to the multiplexer 
ia 304. 

The multiplexer 302 is connected to the pad 307 at one input 
terminal thereof, and receives the output signal S31 of another 
circuit block or the like (not shown) at the other input terminal. 

115 Also, the output terminal of the multiplexer 302 is connected 
to the signal input terminal D of the macro cell 301 . Furthermore, 
the select signal input terminal of the multiplexer 302 is 
connected to the pad 306. Here, one input terminal of the 
multiplexer 302 and the pad 307 should be connected during a 

2 0 functional test. During a normal operation, therefore, the pad 
307 may be used as a signal pad for another circuit block (not 
shown) . 

The multiplexer 303 is connected to the pad 308 at one input 
terminal thereof, and receives the clock S32 of another circuit 
25 block or the like (not shown) at the other input terminal. Also, 
the output terminal of the multiplexer 303 is connected to the 
clock input terminal CLK of the macro cell 301. Furthermore, the 
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select signal input terminal of the multiplexer 303 is connected 
to the pad 306. Here, one input terminal of the multiplexer 303 
and the pad 308 should be connected during a functional test. 
During a normal operation, however, the pad 308 may be used as 
5 a signal pad for another circuit block (not shown) . 

The multiplexer 304 is connected to the signal input 
terminal Q of the macro cell 301 at the first input terminal 
thereof, and receives the output signal S33 of another circuit 
block or the like (not shown) at the second input terminal. The 

:J0 third input terminal of the multiplexer 304 is connected to the 
clock input terminal CLK of the macro cell 301. Also, the output 
terminal of the multiplexer 304 is connected to the pad 309. 
Furthermore, one select signal input terminal of the multiplexer 
304 is connected to the pad 305 and the other select signal input 

1015 terminal is connected to the pad 306. The pad 309 may also be 

i:i used as the output pad for the signal Q and the clock CLK during 
a functional test and as the output pad for the signal S33 during 
a normal operation. 

In the present embodiment, the signal Q and the clock CLK 

2 0 are both output from the pad 309 through the multiplexer 304. 
Consequently, the difference between the length of the wiring 
from the signal output terminal Q to the pad 309 and the length 
of the wiring from the clock input terminal CLK to the pad 309 
becomes the difference between the length of the wiring from the 

2 5 signal output terminal Q to the multiplexer 304 and the length 
of the wiring from the clock input terminal CLK to the multiplexer 
304. Consequently, the multiplexer 304 is disposed at a position 
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such that this difference can be ignored in the wiring delay. 
For example, it becomes possible to ignore such a wiring delay 
by disposing the multiplexer 304 in the vicinity of the macro 
cell 301. 

The method for measuring the access time of the 
semiconductor device shown in Figure 3 is explained next. 

When performing a functional test, the signal TEST supplied 
to the pad 306 is set to the signal value of the functional test 
mode. Furthermore, the signal MODE supplied to the pad 305 is 
set to the signal value for selecting the output terminal Q. In 
this manner, the multiplexer 302 selects the pad 307, the 
multiplexer 303 selects the pad 308, and the multiplexer 304 
selects the output terminal Q. Subsequently, the test signal TD 
is input from the pad 307 and the test clock TCLK is input from 
the pad 308. The test signal TD and test clock TCLK are input 
through the multiplexers 302 and 303 to the macro cell 301. The 
macro cell 301 then outputs the signal Q. This signal Q is output 
through the multiplexer 304 from the pad 309 as the signal TQ. 
At this time, the required time T3 from when the test clock TCLK 
is supplied to the pad 308 until the pad 309 outputs the signal 
is measured. 

Next, the signal MODE is changed to the signal value for 
selecting the clock input terminal CLK. The test clock TCLK is 
then input from the pad 308. The test clock TCLK is output from 
the pad 309 through the multiplexers 303 and 304. At this time, 
the required time T4 from when the test clock TCLK is supplied 
to the pad 308 until it reaches the pad 309 is measured. 


The access time is then calculated by finding the difference 
between the required times T3-T4 . 

With the present embodiment, it is therefore possible to 
calculate the access time after individually measuring the 
5 required times T3 and T4 using a single multiplexer. It is also 
possible to measure the accurate access time of the macro cell 
with the present embodiment. 
Third Embodiment 

The third embodiment of the present invention is explained 
ifliO next using Figure 4 . The present embodiment is an example of a 
semiconductor device for accurately determining the required 
time for signal output by the macro cell to be taken up by the 
next stage logic circuit block. 

Figure 4 is a circuit diagram showing the principal elements 
pf5 constituting the semiconductor device relating to the present 
embodiment . 

As shown in Figure 4, this semiconductor device comprises 
a macro cell 401, a logic circuit block 402, a latch 403, 
multiplexers 404, 405, 406, and 407, input pads 408, 409, 410, 

20 and output pads 411 and 412. 

The macro cell 401 constitutes RAM or the like and is provided 
with a signal input terminal D, a clock input terminal CLK, and 
a signal output terminal Q. The signal D and clock CLK are input 
to the signal input terminal D and clock input terminal CLK from 

25 the multiplexers 404 and 405. Also, the signal output terminal 
Q outputs the output signal Q to the latch 403, the following 
logic circuit block 402, and the multiplexer 406. 
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The logic block 402 comprises a latch 402a as an input circuit . 
The latch 402a holds the signal Q input from the macro cell 401 
at the clock S41. The logic circuit block 402 performs prescribed 
logic calculations and so forth using the output signal of the 
5 latch 402a. 

The latch 403 is used as a dummy of the latch 402a. 
Consequently, a latch with the same access time as the latch 402a 
is used as the latch 403. This latch 403 holds and outputs the 
signal Q input from the macro cell 401 at the clock S41. 

ito The multiplexer 404 is connected to the pad 409 at one input 

terminal thereof, and receives the output signal S42 of another 
circuit block or the like (not shown) at the other input terminal. 
Also, the output terminal of the multiplexer 404 is connected 
to the signal input terminal D of the macro cell 401. Furthermore, 

^15 the select signal input terminal of the multiplexer 404 is 

connected to the pad 408. One input terminal of the multiplexer 
404 and the pad 409 should be connected during a functional test. 
Consequently, during a normal operation, the pad 409 may be used 
as a signal pad for another circuit block (not shown) . 

20 The multiplexer 405 is connected to the pad 410 at one input 

terminal thereof, and receives the clock S43 of another circuit 
block or the like (not shown) at the other input terminal. Also, 
the output terminal of the multiplexer 405 is connected to the 
clock input terminal CLK of the macro cell 401. Furthermore, the 
25 select signal input terminal of the multiplexer 405 is connected 
to the pad 408. One input terminal of the multiplexer 405 and 
the pad 410 should be connected during a functional test and the 
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pad 410 may be used as a signal pad for another circuit block 
(not shown) during a normal operation. 

The multiplexer 406 is connected to the signal output 
terminal Q of the macro cell 401 at one input terminal thereof, 
5 and receives the output signal S44 of another circuit block or 
the like (not shown) at the other input terminal. Also, the output 
terminal of the multiplexer 406 is connected to the pad 412. 
Furthermore, the select signal input terminal of the multiplexer 

406 is connected to the pad 408. 

10 The multiplexer 407 is connected to the signal output 

terminal of the latch 403 at one input terminal thereof, and 
receives the output signal S45 of another circuit block or the 
like (not shown) at the other input terminal. Also, the output 
terminal of the multiplexer 407 is connected to the pad 411. 

15 Furthermore, the select signal input terminal of the multiplexer 

407 is connected to the pad 408. 

In the present embodiment, the distance from the signal 
output terminal Q to the latch 402a substantially matches the 
distance from the signal output terminal Q to the latch 403. For 
20 this reason, the latch 403 is established, for example, in the 
vicinity of the logic circuit block 402. 

The method for determining the access time of the 
semiconductor device shown in Figure 4 is explained next. 

In the case of performing a functional test, the signal TEST 
25 supplied to the pad 408 is set at the signal value for the 

functional test mode. As a result, the multiplexer 404 selects 
the pad 409, the multiplexer 405 selects the pad 410, the 
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multiplexer 406 selects the signal Q, and the multiplexer 407 
selects the output signal of the latch 403. The test signal TD 
and test clock TCLK are input to the macro cell 401 through the 
multiplexers 404 and 405. The macro cell 401 then outputs the 
5 signal Q. This signal Q is output from the pad 412 through the 
multiplexer 406. Also, this signal Q is held in the latch 403. 
The signal Tq held in the latch 403 is output from the pad 411 
through the multiplexer 407. 

In this functional test, the signal TQ output by the pad 
=10 412 and signal Tq output by the pad 411 are measured, and by 
.;J verifying whether these match, it can be determined whether the 
output Q of the macro cell is held by the latch 403 (402a) . 

In other words, with the present embodiment, it can be 
accurately determined whether the access time of the macro cell 
|5 is at a level that causes no problems in the actuation of the 
subsequent logic circuit block 402. 
Fourth Embodiment 

The fourth embodiment of the present invention is explained 
below using Figure 5. The present embodiment is an example of 
2 0 the semiconductor device for accurately determining the setup 
time of the macro cell. 

Figure 5 is a circuit diagram showing the principal elements 
constituting the semiconductor device relating to the present 
embodiment . 

2 5 As shown in Figure 5, this semiconductor device comprises 

a macro cell 501, two-input multiplexers 502, 503, 504, a 
three-input multiplexer 505, input pads 506, 507, 508, 509, and 
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output pads 510, 511. 

The macro cell 501 constitutes RAM or the like and is provided 
with a signal input terminal D, a clock input terminal CLK, and 
a signal output terminal Q. As discussed below, the signal D and 
5 clock CLK are input to the signal input terminal D and clock input 
terminal CLK from the multiplexers 502 and 503. Also, the signal 
output terminal Q outputs the output signal Q to a following 
circuit block, not shown, and the multiplexer 504. 

The multiplexer 502 is connected to the pad 508 at one input 

■1^0 terminal thereof, and receives the output signal S51 of another 

ri: circuit block or the like (not shown) at the other input terminal. 
Also, the output terminal of the multiplexer 502 is connected 
to the signal input terminal D of the macro cell 501. Furthermore, 
the select signal input terminal of the multiplexer 502 is 
connected to the pad 507. One input terminal of the multiplexer 

rj 502 and the pad 508 should be connected during a functional test. 
During a normal operation, however, the pad 508 may be used as 
a signal pad for another circuit block (not shown) . 

The multiplexer 503 is connected to the pad 509 at one input 

20 terminal thereof, and receives the clock S52 of another circuit 
block or the like (not shown) at the other input terminal. Also, 
the output terminal of the multiplexer 503 is connected to the 
clock input terminal CLK of the macro cell 501. Furthermore, the 
select signal input terminal of the multiplexer 503 is connected 

25 to the pad 507. One input terminal of the multiplexer 503 and 
the pad 509 should be connected during a functional test. During 
a normal operation, however, the pad 509 may be used as a signal 
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pad for another circuit block (not shown) . 

The multiplexer 504 is connected to the signal output 
terminal Q of the macro cell 501 at one input terminal thereof, 
and receives the output signal S53 of another circuit block or 
5 the like (not shown) at the other input terminal. Also, the output 
terminal of the multiplexer 504 is connected to the pad 510. 
Furthermore, the select signal input terminal of the multiplexer 
504 is connected to the pad 507. Accordingly, the pad 510 is used 
as the output pad of the signal Q during a functional test and 

;;^|0 as the output pad of the signal S53 during a normal operation. 

The multiplexer 505 is connected to the signal input 
terminal D of the macro cell 501 at the first input terminal 

U thereof, is connected to the clock input terminal CLK of the macro 
cell 501 at the second input terminal, and receives the output 

fl|5 signal S54 of another circuit block or the like (not shown) at 
the third input terminal. Also, the output terminal of the 
multiplexer 505 is connected to the pad 511. Furthermore, one 
select signal input terminal of the multiplexer 505 is connected 
to the pad 506; the other select signal input terminal is connected 

2 0 to the pad 507 . Accordingly, the pad 511 may be used as the output 
pad for the signal D and the clock CLK during a functional test 
and as the output pad for the signal S54 during a normal operation. 

In the present environment, the difference between the 
wiring delay of the signal output from the multiplexer 503 and 

25 reaching the multiplexer 505 and the wiring delay of the signal 
output from the multiplexer 502 and reaching the multiplexer 505 
is made ignorable. For this reason, the multiplexer 503, for 
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example, is arranged in the vicinity of the multiplexer 502. 

An example of the method for testing the setup time of the 
semiconductor device shown in Figure 5 is explained next. 

When performing a functional test, the signal TEST supplied 
5 to the pad 507 is set at a signal value for the functional test 
mode. Furthermore, the signal MODE supplied to the pad 50 6 is 
set at a signal value for selecting the signal input terminal 
D. As a result, the multiplexer 502 selects the pad 508, the 
multiplexer 503 selects the pad 509, the multiplexer 504 selects 

::l]iO the signal Q, and the multiplexer 505 selects the signal input 
terminal D. The test signal TD is then input from the pad 508 
and the test clock TCLK is input from the pad 509. At this time, 
after a prescribed period of time xl from when the test signal 

'-^l TD is applied to the pad 508, the test clock TCLK rises and then 
after a prescribed period of time t2 from this rise time, the 

Jf application of the test signal TD ends. These signals TD and TCLK 
are applied to the macro cell 501 through the multiplexers 502 
and 503. The macro cell 501 receives the test signal TD at the 
rise time of the test clock TCLK and outputs the signal Q of a 

20 value corresponding to the value of this signal TD. This signal 
Q is output from the pad 510 through the multiplexer 504. Also, 
the signal D is output from the pad 511 to the multiplexer 505. 
At this time, the required time T7, from when the test signal 
TD is supplied to the pad 508 until the pad 510 outputs the signal 

25 D, is measured. 

Next, the signal MODE is converted to the signal value for 
selecting the clock input terminal CLK. At this time, the test 
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clock TCLK is input from the pad 508 . The test clock TCLK is output 
from the pad 511 through the multiplexers 503 and 505 . The required 
time T8 from when the test clock TCLK is supplied to the pad 509 
until the pad 511 outputs the test clock TCLK is measured. 
5 Afterwards, the difference between the required times T7-T8 

is calculated. This time difference T7-T8 is equal to the 
difference between the wiring delay of the path from the pad 508 
to the signal input terminal D and the wiring delay of the path 
from the pad 50 9 to the clock input terminal CLK. Next, the time 

jOjO difference T7-T8 is added to the prescribed times xl and t2 

discussed above. Of the sums thus obtained, xl + (T7-T8) is the 
actual time from when the test signal TD is applied to the macro 
cell 501 until the test clock TCLK is applied to the macro cell 
501. Also, x2 + (T7-T8) is the actual time from when the test 

Jljs clock TCLK is applied to the macro cell 501 until the application 
of the test signal TD ends. 

In this way, the present embodiment makes it possible to 
test the setup time accurately. 

As explained in detail above, the semiconductor device 

2 0 relating to the present invention can perform accurate a 

functional test and eliminate the influence of the wiring delay. 
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